Li= ME HJIE €8 Propidium Monoazide= 0|28}
A2} SEISA M HI=Z9] 2|9

Evaluation of Propidium Monoazide Real-Time PCR for
Viablity of Mycobacterium leprae

Jong-Pill Kim, M.D., Yeon-Sil Kim, M.D., Chan-Woo Kim, M.D.

Institute for Leprosy Research, Korean Hansen Welfare Association

Background : Conventional acid-fast bacilli (AFB) staining cannot differentiate viable
from dead cells. Propidium monoazide (PMA) is a photoreactive DNA-binding dye that
inhibits PCR amplification by DNA modification.

Object : The author evaluated whether PMA real-time PCR is suitable for the viablity
of Mycobacterium leprae(M. leprae) in specimens of cultivation in mouse foot pads.
Methods : A total of 55 diluted suspensions from mouse foot pads were quadruplicated
and subjected to PMA treatment and/or heat inactivation, and were also tested to
compare the ACT values (CT value in PMA-treated samples-CT value in non-
PMA-treated samples). Real-time PCR was performed using QuantiTect SYBR® Green
PCR Kits(Qiagen, USA), and the CT value changes after PMA treatment were
compared between PMA treatment and/or heat inactivation groups.

Results : The increase in the CT value after PMA treatment was significant in heat
inactivated group(4.26) and non-heat inactivated group(l.12)(both P = 0.000). In the
ROC curve analysis, the cutoff ACT value for maximum sensitivity (100%) and
specificity (97.1%) for differentiating dead from live cells was 2.41

Conclusions : PMA real-time PCR is a useful approach for evaluating viablity of M.

leprae.

% Key Words : Mycobacterium leprae, Propidium monoazide, Real-time PCR

ﬁ' *@—f—a—ﬁ"g é‘ox_. = =2 O =

F5 A&, WA sw 2R Wb 4% 3L WEHoR Y 4 b oA ¥
- = 7= = = 1

Al HEArE, B4 a4 9 ARAsE & PES] A6l st (Table 1)



KEEREET © 5H49%, F15 2016

Table 1. Overview of current viability assays for M. leprae'

. Assay Assay Sample Host tissue ey d
Method Measures  Assay time Complexity®  Cost Storage”  affects results® Sensitivity
Mouse Foot Pad Bacterial . . _ o
(MFP) multiplication 6~12months High High Fresh 4+
Morphological Membrane .
<
Index (M) integrity < lday High Low Fresh + ++
Vital Stains Membr.ane < lday Low Low Fresh + ++
Integrity
I . .
frpurine /- Nucleic acid 1 jp 0o \oderate  Moderate  Fresh + +
pyrimidine uptake synthesis
Mass Nat/K+rato < lday  High High Fresh + +
Spectrometry
Adenosine Over allenergy =70°C, not
<
triphosphate (ATP)  metabolism < lday  Moderate Moderate fixed o ’
. Anabolic _ . - _
PGL-1 Synthesis metabolism 2-3days High Low Lyophilized +
Radiorespirometry L _
(RR) B-oxidationrate 7days Moderate Moderate Fresh ++
Molecular Assays Quantity of 2-3days  Moderate Moderate Fixed at RT - +++
4 target RNA Y

Complexity judged by assay set-up, reagents, instrumentation, or interpretation of read-out "Fresh:
sample must be processed immediately “++host tissue must be completely removed, +host tissue may
make interpretation difficult, ~host tissue does not interfere dSensitivity: number of M. leprae required
for assayi+++<105,++=105*107,+>107 “Based on the proportional bactericidal technique,1-5M. leprae bacilli

can survive and grow in the MFP.2
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Table 2. Protocol summary of PMA treatment, heat-inactivated, DNA preparation

Protocol PMA conc.(uM). Heat-inactivated("C/min.) Expose time(min.) Prep. method
A 50 80/20 20 Enzyme use
B 50 80/20 20 none
C 50 90/15 10 none
G 100 80/20 10 none
H 150 80/20 10 none
I 50 80/20 10 none
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Table 3. Descriptive statistics

Total PMA concentration Protocol
(No:34) 50uM(No:28)  100uM(No:23) A(No:11) B(No:19) G(No:10)
AC (range) AC (range) AC (range) AC (range) AC (range) AC (range)
Non-heat-inacti 1.1168 1.1886 1.1274 .9482 .8926 1.6500
vated (-.54~4.32) (-.05~4.57) (-.54~4.32) (.14~1.73) (-.05~1.99) (-.54~4.32)
Heat-inactivated 4.2559 3.4482 4.1609 3.9800 3.6374 5.2310
(2.42~7.52)  (-1.88~6.32) (2.18~7.52) (3.19~5.85)  (2.42~4.71) (3.24~7.52)
Exposure time Enzyme
10min.(No:37) 20min.(No:15) Enzyme(+)(No:11) Enzyme(-)(No:44)
AC (range) AC (range) AC (range) AC (range)
Non-heat-inactiv 1.2554 .9040 .9482 1.1720
ated (-.54~4.57) (.14~1.73) (.14~1.73) (-.54~4.57)
Heat-inactivated 3.6970 3.9167 3.9800 3.7477
(-1.88~7.52) (2.65~5.85) (3.19~5.85) (-1.88~7.52)

Abbreviations: PMA, propidium monoazide:
specimen

Table 4. Test Statistics®

ACT, CT of PMA-treated specimen-CT of PMA-untreated

Total PMA concentration
50uM 100uM
AC (Non) AC (Heat) AC (Non) AC (Heat) AC (Non) AC (Heat)
Z -4.882a -5.086a -4.577a -4.486a -3.93% -4.197a
P 0 0 0 0 0 0
Protocol
A B G
AC (Non) AC (Heat) AC (Non) AC (Heat) AC (Non) AC (Heat)
7 -2.934a -2.934a -3.706a -3.825a -2.59%a -2.803a
P 0.003 0.003 0 0 0.009 0.005
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Exposure time Enzyme
10 min. 20 min. Enzyme(+) Enzyme(-)
AC AC AC AC AC AC AC AC
(Non) (Heat) (Non) (Heat) (Non) (Heat) (Non) (Heat)
Z -5.062a  -b.212a -3.408a -3.408a -2.934a -2.934a -5.526a -5.707a
P 0 0 0.001 0.001 0.003 0.003 0 0

Abbreviations: P, Probability of significance (both sides); ACT, CT of PMA-treated specimen-CT of
PMA-untreated specimen; Non, Non-heat-inactivated samples; Heat, Heat-inactivated samples; a, a
based on the negative ranks; b Wilcoxon Sign-Rank Test

Z7io] WAQlo] PMA 2] oA o]do] A+ 4.1609(P=0.00)2, ZFOJAN FANC=R
CTY H+2 vBu|g/dsh= 1.1168, & F215H TH(P=0.00).
YAt 425598 WRo|x EAMOoR
w25t (P=0.00), 1 A}= Fig. 11} 2. 2) Zt A3 A&t Protocolo 2 Zut

7+ Ay A&t 7Ho] PMA #]2] oA o0]35.9]
1) PMA &=0f mE At ACTO] HFZHS AotoA = v|Hu|eA sl
PMA %o wa} PMA #2] oA o]&9] 0.9482(P=0.03), du|&/dsl= 3.982(P=0.03),
ACTO] HAZHS PMA 5% 50uMojA: v Beto M= v]Au|&/det= 0.8926(P=0.00),
du|&/dst= 1.1886(P=0.00), Ev]&de}= Jdu|&gst= 3.6374(P=0.00)2, GOt B]ZH]
3.4482(P=0.00)2, PMA %= 100uMojA= 2/dah= 1.65(P=0.09)5 YH Ao = &4
v gu|2hsh= 1.1274(P=0.00), Fu|&4dst Aoz [OsIAtt. Coh, HeF, ez A9

(A) Non-heat-inactivated Group (B} Heat-inactivated Group

L T = _ = 3207/_. =
5154’—.-# g 15 —
N a———— m%

PMA-untreated PMA-treated PMA-untreated PMA-treated

Fig. 1 Difference between the CT values of PMA-treated and PMA-untreated samples, Compared
with the PMA-untreated non-heat inactivatied (A) group, increases in CT values in the
PMA-treated non- heat inactivated (A) group ranged from -0.54 to 4.32 and were
significant; compared with the results for the PMA-untreated heat inactivated (B) group,
increases in the CT values in the PMA treated heat-inactivated (B) group ranged from
2.42 to 7.52 and were significant (Wilcoxon signed rank test, P = 0.000, P = 0.000,
respectively). Abbreviation: PMA, propidium monoazide.
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(P=0.01)2, BFoA FAFCZ {O|5tAT

ELIE

ox rr 2 |=ol'

7ol mE = SHEiol ot H¥

Ut 35 & AR Aol o2 PMA A€
A ol%o] ACTO] Futgl2 HIAIA Alof|A]

£ 1.0195, A|d Al= 1.18567602 EAA

2 tHP=0.21) (Table 5, 6).

Table 5. Descriptive statistics (delayed)

Ut AE B7HS et Propidium Monoazideg ©l-85h AR Zgaaatge] o] « 75, AN, IS

Table 6. Test Statistics Table of Mann-
Whitney Test(Group: delays)

AC
U of Mann-Whitney 619.500
W of Wilcoxon 1439.500
Z -1.229

P 219

ACT (range)

Non-delayed

(No of samples:40) 1.0195(-.54~4.32)

Delayed*

(No of samples:37) 1.185676(-1.92~4.94)

*Mean of delay : 6.2 days

Abbreviations : PMA, propidium monoazide; A
CT, CT of Delayed specimen-CT of On time
specimen

Abbreviations : P, Probability of significance
(both sides)
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Fig. 2 ROC curve for Assay result
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